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BackgroundBackground

•• Initial calls from simulation vendors after 9-11Initial calls from simulation vendors after 9-11
•• Establishment of the NIST Homeland Security strategicEstablishment of the NIST Homeland Security strategic

focus areafocus area
•• Prior work on adapting the Prior work on adapting the DoDDoD Defense Modeling and Defense Modeling and

Simulation Office’s (DMSO) High Level Architecture (HLA)Simulation Office’s (DMSO) High Level Architecture (HLA)
to distributed manufacturing simulation and commercialto distributed manufacturing simulation and commercial
manufacturing simulatorsmanufacturing simulators

•• Simulation standards would be needed to make moreSimulation standards would be needed to make more
effective use of modeling and simulation in the area ofeffective use of modeling and simulation in the area of
emergency responseemergency response

•• Recognition that current specifications activities could beRecognition that current specifications activities could be
extended to support other simulation domainsextended to support other simulation domains



Simulation standards must:Simulation standards must:

•• Establish interfaces for data import and export betweenEstablish interfaces for data import and export between
simulation systems, other software applications, andsimulation systems, other software applications, and
databasesdatabases

•• Reduce model development costs through neutralReduce model development costs through neutral
simulation component librariessimulation component libraries

•• Provide common user interfaces and enhanced capabilities,Provide common user interfaces and enhanced capabilities,
e.g., higher level programming languagese.g., higher level programming languages

•• Lead to commercial implementations in off-the-shelfLead to commercial implementations in off-the-shelf
simulation productssimulation products

•• Permit customization to meet individual user needs withinPermit customization to meet individual user needs within
the emergency response communitythe emergency response community



Relevant Past Work at NISTRelevant Past Work at NIST

•• Worked with simulation software vendors and Worked with simulation software vendors and DoD DoD on architectureson architectures
and mechanisms for efficiently integrating distributedand mechanisms for efficiently integrating distributed
manufacturing simulations.manufacturing simulations.

•• Experience developing integration architecture, interfaces, software,Experience developing integration architecture, interfaces, software,
test beds for integrating simulation, graphics visualization, othertest beds for integrating simulation, graphics visualization, other
applications and databases.applications and databases.

•• Recognized experts in quality and conformance test developmentRecognized experts in quality and conformance test development
•• Using Extensible Markup Language (XML) as an integrationUsing Extensible Markup Language (XML) as an integration

mechanism on several projectsmechanism on several projects
•• Information model for representing data in XML RegistriesInformation model for representing data in XML Registries
•• Distributed simulation using the Distributed simulation using the DoD DoD High Level Architecture (HLA)High Level Architecture (HLA)
•• Architectural Description Languages (Architectural Description Languages (ADLsADLs) to analyze the) to analyze the

robustness of distributed systemsrobustness of distributed systems
•• Data modeling using the Unified Modeling Language (UML)Data modeling using the Unified Modeling Language (UML)



An Example - Shop Data Model andAn Example - Shop Data Model and
Interface SpecificationInterface Specification

•• 150 page specification and150 page specification and
growinggrowing

•• Contains Unified ModelingContains Unified Modeling
Language (UML), ExtensibleLanguage (UML), Extensible
Markup Language (XML), and textMarkup Language (XML), and text
definitions of datadefinitions of data

•• Developed by NIST as part ofDeveloped by NIST as part of
Software Engineering InstituteSoftware Engineering Institute
(SEI) TIDE Program(SEI) TIDE Program

•• Being piloted at Kurt J.Being piloted at Kurt J. Lesker Lesker Co. Co.
semiconductor processsemiconductor process
equipment fabricatorequipment fabricator



Manufacturing Data TypesManufacturing Data Types
OrganizationsOrganizations
•• Customers & suppliersCustomers & suppliers
•• DepartmentsDepartments
Product & process specificationsProduct & process specifications
•• partsparts
•• bill of materialsbill of materials
•• process plans: routing & operationprocess plans: routing & operation

sheets, machine programssheets, machine programs
Production operationsProduction operations
•• calendars & shiftscalendars & shifts
•• work: orders, jobs, taskswork: orders, jobs, tasks
•• time sheetstime sheets
•• procurementsprocurements
InventoryInventory
LayoutLayout

Resource definitionsResource definitions
•• stationsstations
•• machines & setupsmachines & setups
•• cranescranes
•• tools & fixturestools & fixtures
•• employeesemployees
Setup DefinitionsSetup Definitions
Skill DefinitionsSkill Definitions
Operation DefinitionsOperation Definitions
Maintenance DefinitionsMaintenance Definitions
MiscellaneousMiscellaneous
•• revisionsrevisions
•• referencesreferences
•• units of measurementunits of measurement
•• probability distributionsprobability distributions



UML Use CasesUML Use Cases
•• Generic use case diagramsGeneric use case diagrams

were created to identify thewere created to identify the
various actors and their rolesvarious actors and their roles

•• Stick figures represent actorsStick figures represent actors
•• Ellipses identify a use caseEllipses identify a use case

(function or capability)(function or capability)
•• Box defines the overall systemBox defines the overall system

boundaryboundary
•• Lines indicate communicationLines indicate communication

links or interactions betweenlinks or interactions between
actor and use casesactor and use cases

•• Lower level use case diagramsLower level use case diagrams
decompose higher level usedecompose higher level use
casescases

"Manufacturing Facility" Use Case
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Plan equipment
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Process Engineering Staff

Order Entry Staff

Plant/Shop Support Staff

Production Staff

Procurement Staff

Plant/Shop Management

IT Staff

Shop Supervisors

Model and analyze
operations

Simulation Analyst

Design Staff

Product Manager

Perform sales
and marketing



UML Data ModelsUML Data Models
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•• Static structure diagramsStatic structure diagrams
are used to create a highare used to create a high
level conceptual definitionlevel conceptual definition
for data types needed tofor data types needed to
support a use casesupport a use case

•• Static structure diagramsStatic structure diagrams
identify:identify:
–– major data typesmajor data types
–– their attributestheir attributes
–– enumeration of valueenumeration of value

constraints for dataconstraints for data
attributesattributes

–– relationships betweenrelationships between
major typesmajor types



XML Code for Data ModelXML Code for Data Model

<work-section> 
<orders-section> 

<order-schedule> 
<order-multi-key /> 
<resources-assigned /> 

</order-schedule> 
</orders-section> 
<jobs-section> 

<job-schedule> 
<job-key /> 
<resources-assigned /> 

</job-schedule> 
</jobs-section> 
<tasks-section> 

<task-schedule> 
<task-key /> 
<resources-assigned /> 

</task-schedule> 
</tasks-section>

•• Extensible Markup LanguageExtensible Markup Language
(XML) is used to define the(XML) is used to define the
exchange formats for UMLexchange formats for UML
information modelsinformation models

•• XML - a standard supported byXML - a standard supported by
the World Wide Webthe World Wide Web
Consortium (W3C)Consortium (W3C)

•• Supports development ofSupports development of
structured, hierarchical datastructured, hierarchical data
entities that contain a highentities that contain a high
level of semantic contentlevel of semantic content

•• Both human and machineBoth human and machine
interpretableinterpretable



New Simulation Standards ConsortiumNew Simulation Standards Consortium
•• Consortium to address industry, government, andConsortium to address industry, government, and

academia’s simulation standards needsacademia’s simulation standards needs
–– Educate simulation user and vendor community on standardsEducate simulation user and vendor community on standards

technology, opportunities, and statustechnology, opportunities, and status
–– Identify and prioritize industry interface standards requirementsIdentify and prioritize industry interface standards requirements
–– Harmonize and integrate relevant existing and evolving specificationsHarmonize and integrate relevant existing and evolving specifications

and standardsand standards
–– Ensure vendor commitment to implementation of solutionsEnsure vendor commitment to implementation of solutions
–– Develop new draft standards specifications and prototypeDevelop new draft standards specifications and prototype

implementations that demonstrate feasibilityimplementations that demonstrate feasibility

•• Work groups are being formed in special interest areas:Work groups are being formed in special interest areas:
–– Facilities layoutFacilities layout
–– Management, planning, and schedulingManagement, planning, and scheduling
–– Supply chainsSupply chains
–– Human modelingHuman modeling
–– Distributed simulationDistributed simulation

•• Kick-off meeting held at NIST on 25 February 2003Kick-off meeting held at NIST on 25 February 2003



Consortium ParticipantsConsortium Participants
GovernmentGovernment
•• Defense Modeling Simulation OfficeDefense Modeling Simulation Office
•• NIST (Coordinator)NIST (Coordinator)
•• Navy Air Warfare CenterNavy Air Warfare Center
•• Navy Modeling and SimulationNavy Modeling and Simulation

Management OfficeManagement Office
•• Navy Facilities Engineering ServiceNavy Facilities Engineering Service

CenterCenter
•• Tinker Air Force BaseTinker Air Force Base

Software VendorsSoftware Vendors
•• Brooks Automation -Brooks Automation - Autosimulation Autosimulation
•• Delmia Delmia ((DenebDeneb Robotics) Robotics)
•• EDSEDS
•• Knowledge Based Systems Inc. (KBSI)Knowledge Based Systems Inc. (KBSI)
•• Lanner GroupLanner Group
•• ManugisticsManugistics
•• MicroAnalysis MicroAnalysis and Designand Design
•• ProModelProModel Corporation Corporation
•• ProPlannerProPlanner
•• Rockwell Software - Systems ModelingRockwell Software - Systems Modeling

CorporationCorporation
•• Simul8Simul8
•• SoftimageSoftimage
•• Wolverine SoftwareWolverine Software

IndustryIndustry
•• AltarumAltarum
•• Boeing CompanyBoeing Company
•• Ford Motor CompanyFord Motor Company
•• Forging Industry AssociationForging Industry Association
•• General MotorGeneral Motor
•• John DeereJohn Deere

Research InstituteResearch Institute
•• Software Engineering InstituteSoftware Engineering Institute

AcademiaAcademia
•• Arizona State UniversityArizona State University
•• Florida International UniversityFlorida International University
•• Virginia Polytechnic InstituteVirginia Polytechnic Institute
•• Oklahoma State UniversityOklahoma State University
•• University of CincinnatiUniversity of Cincinnati



Our Emergency Response ObjectivesOur Emergency Response Objectives

•• Organize a workshop to identify ongoing efforts andOrganize a workshop to identify ongoing efforts and
response community needsresponse community needs

•• Document needs, data requirements, collaboration andDocument needs, data requirements, collaboration and
standards opportunities, and a roadmap for achievingstandards opportunities, and a roadmap for achieving
common objectivescommon objectives

•• Develop a vision for an integrated Emergency ResponseDevelop a vision for an integrated Emergency Response
Framework (Framework (iERFiERF))

•• Define interoperability  and standards requirements forDefine interoperability  and standards requirements for
implementing integrated simulation environmentsimplementing integrated simulation environments

•• Work with partners on the development of interfaceWork with partners on the development of interface
specifications, prototypes, and testing capabilities tospecifications, prototypes, and testing capabilities to
achieve our common visionachieve our common vision



IntroductionIntroduction

•• Simulation can play an important role in emergencySimulation can play an important role in emergency
response and preparedness.response and preparedness.

•• A number of efforts for using simulation to study differentA number of efforts for using simulation to study different
kind of disasters are in progress.kind of disasters are in progress.

Radiological Accident Modeling forRadiological Accident Modeling for
Emergency Response - ORNLEmergency Response - ORNL

Nuclear Weapon Simulation  - LANLNuclear Weapon Simulation  - LANL
Chemical Plant FireChemical Plant Fire
Simulation – Star TechnologySimulation – Star Technology
CorporationCorporation



MotivationMotivation

•• Integration of the individual efforts will enable looking atIntegration of the individual efforts will enable looking at
the whole picturethe whole picture

•• Interoperability of these efforts can synergistically increaseInteroperability of these efforts can synergistically increase
the effectiveness tremendouslythe effectiveness tremendously



Simulation of Emergency ResponseSimulation of Emergency Response

ExplosionExplosion
SimulationSimulation

Scenario – Explosion at a public building resulting in a major fire andScenario – Explosion at a public building resulting in a major fire and
casualtiescasualties

BuildingBuilding
FireFire
SimulationSimulation

InformationInformation
flowflow
modelingmodeling

Traffic flowTraffic flow
simulationsimulation

EmergencyEmergency
vehicles responsevehicles response
simulationsimulation

HospitalHospital
systemsystem
simulationsimulation

City Map withCity Map with AvailabilityAvailability Population densityPopulation density Federal, State,Federal, State,
Street details,Street details, of responseof response information by information by Local authorityLocal authority
Police, Fire,Police, Fire, personnelpersonnel time of daytime of day network spec.network spec.
Hospital LocationsHospital Locations

Acknowledgment: The building fire screenshot has been adapted from Sim City 4 website.



Emergency Response Modeling andEmergency Response Modeling and
Simulation RequirementsSimulation Requirements

•• Reduce time for model development for emergencyReduce time for model development for emergency
responseresponse

•• Reduce model development costs through neutralReduce model development costs through neutral
simulation component librariessimulation component libraries

•• Permit customization to meet individual scenario needsPermit customization to meet individual scenario needs
•• Standardize interfaces for data import and export betweenStandardize interfaces for data import and export between

simulation systems, other software applications, andsimulation systems, other software applications, and
databasesdatabases

•• Provide common user interfaces and enhanced capabilities,Provide common user interfaces and enhanced capabilities,
e.g., higher level programming languagese.g., higher level programming languages

•• Provide rapid communication of results to usersProvide rapid communication of results to users
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Integrated Emergency Response FrameworkIntegrated Emergency Response Framework
((iERFiERF))

EN
TI

TI
ES

 O
F 

IN
TE

R
ES

T
EN

TI
TI

ES
 O

F 
IN

TE
R

ES
T

POPULATIONPOPULATION

RESOURCESRESOURCES
--TelecomTelecom

--Power PlantsPower Plants
--Power Power DistnDistn..
--Govt. Govt. BldgsBldgs..

--…………

RESPONSE AGENTSRESPONSE AGENTS
--PolicePolice

--Fire EnginesFire Engines
--AmbulancesAmbulances

--HospitalsHospitals
-- Agencies Agencies

--………………

Planning
Planning

Vulnerability Analysis

Vulnerability Analysis

Identification & Detection

Identification & Detection
Training
TrainingResponse

Response

APP
LIC

ATIO
N

APP
LIC

ATIO
N

Defines impact Defines impact 

Defines response Defines response 

MAN-M
ADE

MAN-M
ADE

- N
BC bo

mb

- N
BC bo

mb

--C
on

ve
nti

on
al 

bo
mb

Con
ve

nti
on

al 
bo

mb

--Fi
reFir
e

--H
ija

ck
ing

Hija
ck

ing
--…

…
…

…
NATU

RAL

NATU
RAL

--T
or

na
do

To
rn

ad
o

--H
ur

ric
an

e

Hur
ric

an
e

--W
ild

 fir
e

W
ild

 fir
e

--F
loo

ds
Flo

od
s

--…
…

…
…

DISASTER EVENTDISASTER EVENT



iERFiERF – Example 1 – Example 1

# dead, # injured# dead, # injured

Damaged at a junctionDamaged at a junction
# floors, # sq. ft. damaged# floors, # sq. ft. damaged

Traffic jam Traffic jam 

Arriving in 3 Arriving in 3 minsmins..
Arrived 1 min. agoArrived 1 min. ago
Arriving in 2 Arriving in 2 minsmins..

What are the most suitable ones?What are the most suitable ones?
Water dept. technicians on wayWater dept. technicians on way

Disaster Event -Disaster Event -
conventional bomb at aconventional bomb at a
public placepublic place
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--Road NetworkRoad Network

Response AgentsResponse Agents
--PolicePolice

--Fire EnginesFire Engines
--AmbulancesAmbulances

--HospitalsHospitals
-- Utility Repair Utility Repair

--………………

Modeling,Modeling,
simulation &simulation &
visualizationvisualization
capabilitiescapabilities
can be usedcan be used
toto
understandunderstand
current andcurrent and
futurefuture
impact andimpact and
planplan
responseresponse

Application:Application:
ResponseResponse



# exposed, panic # exposed, panic 
evacuation spreadingevacuation spreading

Not contaminatedNot contaminated
# floors, # sq. ft. exposed# floors, # sq. ft. exposed

Traffic jam Traffic jam 

Arriving in 3Arriving in 3 mins mins..
Arrived 1 min. agoArrived 1 min. ago
Arriving in 2Arriving in 2 mins mins..

What are the most suitable ones?What are the most suitable ones?
Being assembledBeing assembled

iERFiERF – Example 2 – Example 2

Disaster Event – AnthraxDisaster Event – Anthrax
dispersion at public placedispersion at public place
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Application ExamplesApplication Examples

•• PlanningPlanning
–– Location of police and fire stations and hospitalsLocation of police and fire stations and hospitals
–– Development of evacuation proceduresDevelopment of evacuation procedures
–– Setting up of communication infrastructureSetting up of communication infrastructure

•• Vulnerability AnalysisVulnerability Analysis
–– Evaluation of security plans and proceduresEvaluation of security plans and procedures

•• Identification & DetectionIdentification & Detection
–– Selecting security sweep targetsSelecting security sweep targets

•• TrainingTraining
–– Antidote deployment sequenceAntidote deployment sequence
–– Evacuation managementEvacuation management

•• ResponseResponse
–– Antidote deployment sequenceAntidote deployment sequence
–– Evacuation managementEvacuation management
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Sample Data and SourcesSample Data and Sources

Local transportation departmentsLocal transportation departmentsBusiness area population density,Business area population density,
Transportation patternsTransportation patterns

US Census BureauUS Census BureauPopulation densityPopulation density

National Oceanic and AtmosphericNational Oceanic and Atmospheric
AdministrationAdministration

WeatherWeather

City officeCity officeCity evacuation plansCity evacuation plans

………….………….………….………….
Building securityBuilding securityBuilding evacuation plansBuilding evacuation plans
City office, building managementCity office, building managementBuilding design recordsBuilding design records

Utility companies, telecom companiesUtility companies, telecom companiesUtility and infrastructure locationsUtility and infrastructure locations

City office , police, fire and healthCity office , police, fire and health
departmentsdepartments

Response agency locationsResponse agency locations
Response plansResponse plans

City officeCity office
Map software companiesMap software companies
Atlas publishersAtlas publishers

Street mapsStreet maps
US Geological SurveyUS Geological SurveyTerrain mapsTerrain maps
POTENTIAL DATA SOURCESPOTENTIAL DATA SOURCESTYPE OF DATATYPE OF DATA



Sample Domain Knowledge SourcesSample Domain Knowledge Sources

Institute for Defense Analysis and SAICInstitute for Defense Analysis and SAICAttack response trainingAttack response training

Center for Disease Control (CDC)Center for Disease Control (CDC)Bio-agent impactBio-agent impact
Defense agencies, DOE National LabsDefense agencies, DOE National LabsNuclear agent impactNuclear agent impact

Defense AgenciesDefense AgenciesChemical agent impactChemical agent impact

UniversitiesUniversitiesHuman behavioral modelHuman behavioral model

Consulting companies, UniversitiesConsulting companies, UniversitiesHospital modelingHospital modeling

Transportation research center atTransportation research center at
Universities, TransportationUniversities, Transportation
departmentsdepartments

Traffic flow modelingTraffic flow modeling
Emergency response vehicle flowEmergency response vehicle flow

………….………….………….………….

Building & Fire Research Lab – NIST,Building & Fire Research Lab – NIST,
Universities?Universities?

Fire modelingFire modeling

Defense consultants, Defense agencies?Defense consultants, Defense agencies?
Universities?Universities?

Conventional bomb explosion impactConventional bomb explosion impact

National Atmospheric ReleaseNational Atmospheric Release
Advisory Center (NARAC), DOEAdvisory Center (NARAC), DOE
National Labs, Defense agenciesNational Labs, Defense agencies

Spread of NBC agentsSpread of NBC agents

POTENTIAL SOURCESPOTENTIAL SOURCESDOMAIN AREADOMAIN AREA



Sample Tools and SourcesSample Tools and Sources

Software vendors (Brooks PRISoftware vendors (Brooks PRI
Automation, etc.)Automation, etc.)

Emulation softwareEmulation software

Software vendors, DOE National LabsSoftware vendors, DOE National LabsContinuous simulation softwareContinuous simulation software

Software vendors (Brooks PRISoftware vendors (Brooks PRI
Automation, Automation, DelmiaDelmia, , Promodel Promodel Corp,Corp,
Rockwell Automation,Rockwell Automation, Tecnomatix Tecnomatix, etc.), etc.)
DOE National LabsDOE National Labs

Discrete event simulation softwareDiscrete event simulation software

Software vendorsSoftware vendorsDatabasesDatabases

………….………….………….………….

Software vendorsSoftware vendorsVisualization softwareVisualization software

Software vendorsSoftware vendorsIntegration softwareIntegration software

POTENTIAL SOURCESPOTENTIAL SOURCESTYPE OF TOOLSTYPE OF TOOLS
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iERFiERF – Modeling & Simulation Tools – Modeling & Simulation Tools
Modeling & Simulation Tools are needed for each cubic cell of the previous Modeling & Simulation Tools are needed for each cubic cell of the previous iERFiERF
framework and they can be classified further based on the following.  Several areframework and they can be classified further based on the following.  Several are
already developed or under development.already developed or under development.
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iERFiERF – Visualization Tools – Visualization Tools
•• GraphsGraphs
•• Flow DiagramsFlow Diagrams
•• 2D displays2D displays
•• 3D displays3D displays
•• Immersive Immersive Virtual RealityVirtual Reality

BioSimMERBioSimMER - SNL - SNL



Applicability of Distributed SimulationApplicability of Distributed Simulation

•• Providing capabilities that do not exist in a single simulatorProviding capabilities that do not exist in a single simulator
•• Modeling of problems that run across multiple agencies whereModeling of problems that run across multiple agencies where

some information from each agency may be hidden from otherssome information from each agency may be hidden from others
•• Modeling multiple domains of terrorist response (bomb blasts,Modeling multiple domains of terrorist response (bomb blasts,

chemical, biological, nuclear cloud dispersion)chemical, biological, nuclear cloud dispersion)
•• Creation of hierarchical models that reflect different levels ofCreation of hierarchical models that reflect different levels of

aggregation of the modeling domainaggregation of the modeling domain
•• Hiding proprietary information about the internal workings of aHiding proprietary information about the internal workings of a

simulationsimulation
•• Creating low-cost run-time simulation modelsCreating low-cost run-time simulation models
•• Taking advantage of computing power afforded by distributingTaking advantage of computing power afforded by distributing

executionexecution
•• Providing simultaneous access to models for users in differentProviding simultaneous access to models for users in different

locationslocations
•• Providing different numbers and types of licenses for differentProviding different numbers and types of licenses for different

simulation activities (model building, visualization, execution,simulation activities (model building, visualization, execution,
analysis).analysis).



Distributed Simulation Environment forDistributed Simulation Environment for
Emergency ResponseEmergency Response
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Key technical elementsKey technical elements

•• Distributed simulation environmentsDistributed simulation environments
–– Standards for interconnection of different simulation modelsStandards for interconnection of different simulation models

into distributed environmentsinto distributed environments
–– Mechanisms to coordinate the initiation, execution andMechanisms to coordinate the initiation, execution and

shutdown of distributed simulations, enable data transfersshutdown of distributed simulations, enable data transfers
from dispersed data sources, and provide timefrom dispersed data sources, and provide time
synchronization.synchronization.

•• Simulation transactionsSimulation transactions
–– transfer information and simulated objects among distributedtransfer information and simulated objects among distributed

simulations while they are executing.simulations while they are executing.
•• Simulation templates and model formats to significantlySimulation templates and model formats to significantly

reduce simulation development costs for users.reduce simulation development costs for users.
•• Reference data sets for developers to test their softwareReference data sets for developers to test their software

and perform integration tests with real world data.and perform integration tests with real world data.



Proposed ArchitectureProposed Architecture
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Presentation TopicsPresentation Topics

•• Background and introductionBackground and introduction

•• Integrated Emergency ResponseIntegrated Emergency Response

Framework (Framework (iERFiERF))

•• Potential Potential iERFiERF contributors contributors

•• Anticipated TechnologyAnticipated Technology

•• RoadblocksRoadblocks

•• ConclusionsConclusions

Acknowledgment: The screenshots have been adapted from Sim City 4 website.



Roadblocks to visionRoadblocks to vision
•• Data issuesData issues

–– Required data is not identified and not availableRequired data is not identified and not available
–– Available data is not in standard formatsAvailable data is not in standard formats

•• Integration issuesIntegration issues
–– Available tools have been independently developed withAvailable tools have been independently developed with

proprietary interfacesproprietary interfaces
–– May not be designed for operating securely in an openMay not be designed for operating securely in an open

environmentenvironment
•• RoadmapRoadmap

–– No common process for development, validation andNo common process for development, validation and
certification of toolscertification of tools

–– No defined process and responsibilities for standardsNo defined process and responsibilities for standards
developmentdevelopment

•• User requirementsUser requirements
–– No standard mechanism for making the capability available toNo standard mechanism for making the capability available to

response community - organizational and response community - organizational and infrastructuralinfrastructural
–– Diverse skill levels of potential usersDiverse skill levels of potential users



ConclusionsConclusions

•• Critical need exists for rapid development of modeling, simulationCritical need exists for rapid development of modeling, simulation
and visualization capabilities for emergency response.and visualization capabilities for emergency response.

•• Rapid development can be achieved by bringing together multipleRapid development can be achieved by bringing together multiple
ongoing efforts in an integrated framework.ongoing efforts in an integrated framework.

•• Interoperability standards are key enablers for the integratedInteroperability standards are key enablers for the integrated
framework.framework.

•• Modeling and Simulation for Emergency Response communityModeling and Simulation for Emergency Response community
needs to work together to develop a vision and address theneeds to work together to develop a vision and address the
roadblocks to visionroadblocks to vision



QuestionsQuestions
andand
discussion?discussion?
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